Introduction
Aiming at the enhancement of safety of currently operated nuclear reactors, development of a repair technology using laser welding [1] has been performed. An experimental study on welding of micron-sized metallic particles on a stainless steel plate by laser irradiation has already been carried out. Moreover, an analytical study was also begun to predict numerically the experimental results. The micron-sized metallic particle that is made of iron is heated by the laser irradiation and then melts and finally the solid metallic particle changes perfectly to the liquid metal. After a long time, the liquid metal solidified the solid metal with decreasing the temperature. This paper describes visualized numerical simulation results of the melting and solidification behavior of the micron-sized metallic particles that change from the solid to liquid and the liquid to solid.
Governing equations
Governing equations consist of gas and liquid phases as follows:
-Mass conservation;
3. Analytical conditions Figure 1 shows the analytical geometry, which represents the experimental condition. 12x12 metallic particles are set into a slit on a metallic plate. Each of them is made of iron. The outer diameter of the metallic particle is 0.04 mm. The size of the slit is 0.48 mm square and 0.05 mm in depth. It briefly simulates any cracks on vessels or components of nuclear reactors. A laser beam is irradiated from the upper side into the slit. The shape of the laser beam is round as can be seen using red in Fig. 1 , and the diameter is 0.48 mm. Figure 3 shows predicted temperature distributions. The melting and solidification processes of the metallic particles due to the laser irradiation can be visualized numerically. Here, (a) is a result after 0.1 ms from the start of the calculation, and similarly, (b) is after 0.3 ms, (c) is 0.4 ms, and (d) is after 1 ms. The laser irradiation is completed at 0.5 ms. In Fig. 3 , the blue means 500 K and the red means over 2200 K. First, the temperature of the metallic particle goes up in the heating region where the laser beam is irradiated as can be seen in Fig. 3(a) . Next, the temperature of the metallic particle rises to the melting temperature (Fig. 3(b) ) and the melting occurs as soon as it exceeds the meting temperature (Fig. 3(c) ). With increasing the calculation time, almost all the metallic particles in the laser irradiation region melt and become liquid metal. Moreover, the metallic particles in a region where the laser is not irradiated are heated by thermal conduction, and melt. The laser irradiation is stopped after 0.5 ms. According to that, the heat moves from the high temperature region to the low temperature region due to the thermal conduction. As a result of this, the liquid metal region can be expanded. Then, by the thermal conduction to the metallic plate and the convection into the atmosphere, the temperature of the liquid metal decreases with time and the solidification takes place (Fig. 3(d) ). 
Results and discussion

Conclusions
A computational study on melting and solidification of micron-sized metallic particles was performed to clarify the possibility of the laser welding simulation. From the visualized results of the present study, we concluded that the welding simulation is possible and the present numerical approach will be effective. 
Nomenclature
